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^(g) Optical disk drive. 

|Q@ An optical disk drive for recording and reproduc- 
^ing information on an optical disk medium includes a 
0j servo circuit for controlling tracking of a light beam 
coon an arbitrary track and a servo circuit for control- 
Qling focus of the light beam on the disk surface. The 
disk surface is divided into a plurality of regions, and 
calibration values for adjusting the servo circuits are 



LU 



are stored in a memory and are used to adjust the 
servo circuits during tracking on an arbitrary track. 
The calibration values include tracking offset values, 
focus offset values, servo deviation threshold values 
and sensor gain values. A number of techniques are 
disclosed for automatically determining the calibra- 
tion values. 



determined in each region. The calibration values 
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Held of the Invention 

This invention relates to an optical disk drive 
for recording and reproducing information onto and 
from an optical disk or an optical magnetic disk 
(hereinafter refenred to as an optical disk) and. 
more particularly, to a servo system for stable and 
accurate operation of an optical disk drive. 



Background of the Invention 

An optical disk is formed as a disk-shaped 
substrate typically having one or more magnetic 
layers thereon. Information is stored on the disk in 
spiral or concentric tracks. Information is recorded 
on the disk and information is reproduced from the 
disk using a light beam that is focused on a de- 
sired track as the disk is rotated. The light beam is 
generated in an optical head and is directed at the 
disk surface in a perpendicular direction. The op- 
tical head does not contact the disk surface. It has 
been found necessary to provide a servo system 
for focus control and tracking control in order to 
record and reproduce correct information. The ser- 
vo system is required to provide stable operation 
independent of variations in the signal processing 
system, the optical system, the disk driving system 
and individual differences among optical disk me- 
dia. 

By way of example, an optical disk may have a 
track pitch, or spacing, between adjacent tracks of 
1.6 micrometers. However, the disk eccentricity 
may be up to 100 micrometers. Thus, a tracking 
servo is required to maintain the light beam on the 
desired track during recording and reproduction. 
The spacing between the objective lens of the 
optical system and the disk surface may be on the 
order of 1.5 mm, whereas the focal depth of the 
optical system may be on the order of one mi- 
crometer. Since the disk is not perfectly flat and 
may be tilted relative to the axis of rotation, a focus 
servo is required to maintain the light beam fo- 
cused on the disk surface. 

Various techniques are known for optical detec- 
tion of focus errors and tracking errors. In the so- 
called "knife edge" method of focus detection, a 
sharp edge is located at the focal point of the 
condenser lens in the optical system. A pair of 
photodetectors senses light reflected from the disk 
surface. When the beam is focused on the disk 
surface, the photodetectors provide equal outputs 
to a differential amplifier, and the output of the 
differential amplifier is zero. When the light beam is 
not focused on the disk surface, part of the re- 
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fleeted light is blocked by the knife edge and the 
differential amplifier provides a nonzero output volt- 
age. The polarity of the output voltage indicates the 
direction of the focus error. Since the dynamic 

5 range of the focus sensor is small, it is customary 
to use a focus search to bring the focus servo into 
the range of the focus sensor. 

The tracking sensor also utilizes a pair of 
photodetectors which receive the reflected beam 

70 from the disk surface. The outputs of the tracking 
photodetectors are connected to a differential am- 
plifier. On the disk surface, each data track is 
typically centered between a pair of guide grooves. 
The guide grooves diffract the light beam. When 

75 the light beam is centered on the data track, the 
guide grooves on opposite sides of the data track 
diffract the light beam equally, and each photosen- 
sor receives the same signal. As the light beam 
deviates from the track center and moves closer to 

20 one of the grooves, the diffracted beam changes 
and the output of the differential amplifier in- 
creases. The polarity of the differential amplifier 
output represents the direction of the deviation 
from the track center. The tracking signal as the 

25 beam moves from an outer edge of the track to an 
inner edge of the track is a sinusoidal function of 
radial position and crosses the zero level at the 
center of the data track. 

The servo systems utilized in an optical disk 

30 drive typically have offsets. Offsets are errors that 
occur even through the signals provided to the 
servo system indicate no errors. Offsets may origi- 
nate for example from optical misalignment. In the 
prior art, it has been customary to adjust the op- 

35 ticai disk drive in the factory to remove focus and 
tracking offsets. However, In spite of careful initial 
adjustments, additional offsets may be caused by 
environmental factors, shock and vibration, differ- 
ences between media, aging and the like. When 

40 such offsets occur, accurate tracking and focus 
control cannot be achieved. 

During recording of data on the optical disk, it 
is important to maintain tiie recording light beam 
on a predetermined track. If the light beam jumps 

45 to an adjacent track, data recorded on that track is 
likely to be destroyed. To insure that the light 
beam follows the desired track, the tracking signal 
discussed above Is conn pared with a servo de- 
viation threshold level. If the threshold level is 

50 exceeded, recording is interrupted. In the prior art. 
a fixed threshold level has been utilized. If the 
tracking signal varies in amplitude as a result of 
groove variations, disk tilt, focus errors and the like, 
a larger or smaller amplitude tracking signal is 
compared with a fixed threshold level. When the 
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tracking signal is smaller than its normal amplitude, 
a larger deviation from the track center Is required 
before the threshold level is exceeded. For very 
small amplitude tracking signals, the threshold level 
may not be reached for any deviation of the light 
beam from the desired track center. When the 
tracking signal is larger than its normal amplitude, 
the servo deviation threshold may be exceeded 
and recording may be interrupted, even though the 
light beam remains sufficiently aligned with the 
desired track. 

It is desirable to provide an optical disk drive 
having a servo system which operates in a stable 
and accurate manner regardless of tracking offsets, 
focus offsets, sensor amplitude variations and the 
like. It is a general object of the present invention 
to provide improved optical disk drives. 



Summary of the Invention 

According to the present invention, these and 
other objects and advantages are achieved in an 
optical disk drive. The optical disk drive includes 
means for rotating an optical disk medium, an 
optical head for directing a light beam at the optical 
disk and for sensing a light beam reflected from 
the optical disk, means for moving the optical head 
in a radial direction for accessing different tracks 
on the optical disk and a servo system for control- 
ling tracking and focus during recording and re- 
production on the optical disk. 

The servo system includes means for mapping 
one or more calibration values at a plurality of 
regions on the optical disk and means for adjusting 
a servo control circuit in accordance with the cali- 
bration values for each region during recording and 
reproduction. In mapping, the optical disk is di- 
vided into a plurality of regions, and calibration 
values representative of each region are deter- 
mined. The calibration values include tracking off- 
set, focus offset, sensor gain, servo deviation 
threshold and the like. The calibration values are 
stored in a memory and are subsequentiy used to 
adjust the servo circuit on a region-by-region basis 
during tracking. 

According to a feature of the invention, the 
tracking offset is determined by issuing a track 
jump command which causes the light beam to 
traverse one or more tracks on the disk surface. 
The maximurn and minimum values of a tracking 
sensor signal are measured for each one-way 
movement of the light beam across a track. A 
median value between the maximum and minimum 
values is determined. The tracking offset is the 
difference between the median value and the zero 
value. A tracking offset is determined in this man- 
ner for each region on the optical disk. 



The tracking offset can be determined during a 
seek operation in which the light beam is moved 
according to a predetermined velocity profile be- 
tween a current track and a target track. The track- 

5 ing offset value is determined from the maximum 
and minimum values of the tracking signal as de- 
scribed above during the relatively low velocity 
portions near the beginning and the end of the 
seek operation. 

70 According to another feature of the invention, 

the optical disk drive includes a status observer 
circuit for measuring and correcting velocity. The 
status observer circuit issues a command to move 
the light beam at a constant low velocity in a radial 

75 direction. The tracking offset is determined from 
the maximum and minimum values of the tracking 
signal as described above. 

According to a further feature of the invention 
the tracking signal, which nominally crosses a zero 

20 level at the center of a data track, and the track 
- cross signal, which reaches a maximum amplitude 
at the center of the data track, are monitored 
simultaneously. When the track cross signal 
reaches maximum amplitude, thereby indicating 

25 the center of a data track, the amplitude of the 
tracking signal is determined. The difference be- 
tween the measured value of the tracking signal 
and the zero level is the tracking offset value. 

According to another feature of the invention. 

30 the tracking offset is determined by measuring the 
amplitude of the header data signal for three dif- 
ferent tracking offset values. The three measured 
values detine an upwardly-convex quadratic curve. 
The offset corresponding to the maximum of the 

35 quadratic curve represents the optima! tracking off- 
set. 

According to another feature of the invention, 
the maximum and minimum values of the tracking 
signal are measured for two different values of DC 
40 actuator drive current These values are used to 
determine an actuator drive current which provides 
zero offset. 

According to a further feature of the invention, 
the amplitude of the tracking signal is measured in 

45 each region of the optical disk. A sensor gain 
required to maintain a desired tracking signal am- 
plitude is determined. During recording and re- 
production, the sensor gain is adjusted to provide 
the desired tracking signal amplitude in each re- 

50 gion of the optical disk. 

According to still another feature of the inven- 
tion, a servo deviation threshold is determined for 
each region of the optical disk. The deviation 
threshold is a fraction of the peak-to-peak am- 

55 plitude of the tracking signal. The servo deviation 
threshold varies witii the tracking signal amplitude, 
and a constant deviation distance is required to 
interrupt recording in all regions of the optical disk. 
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A According to a further feature of the invention, 

a focus offset value is determined for each region 
of the optica! disk. According to one technique for 
determining focus offset, three values of focus off- 
set are successively issued to a focus servo circuit 
The amplitude of the tracking signal is measured 
for each focus offset value. The three measured 
amplitudes define an upwardly-convex quadratic 
function. The focus offset at the maximum of the 
quadratic function corresponds to the optimal focus 
offset. 

According to another technique for determining 
a focus offset .value, the amplitude of the track 
cross signal is determined for three different values 
of focus offset. The measured values define an 
upwardly-convex quadratic function which is used 
to determine the optimal focus offset in the manner 
described above. 

The focus offset value can also be determined 
by measuring the reproduced signal amplitude for 
three different values of focus offset in the manner 
described above. 



Brief Description of the Drawings 

For a better understanding of the present in- 
vention together with other and further objects, 
advantages and capabilities thereof, reference is 
made to the accompanying drawings which are 
incorporated herein by reference and in which: 

FIG. 1 is a schematic block diagram of an 
optical disk drive provided with a tracking servo- 
circuit; 

FIG. 1A is a block diagram showing details 
of the servo deviation detecting circuit and the 
offset add/gain adjust circuit of FIG. 1 ; 

FIG. 1B is a block diagram showing an al- 
ternate embodiment of part of the optical disk drive 
of FIG. 1; 

FIG, 2 is a flow chart showing a method for 
determining tracking offset value; 

FIG.' 3 is a graph showing the contour of the 
disk surface and the tracking signal as a function of 
radial position on the optical disk; 

FIG. 4 is a schematic diagram showing an 
optical disk that is divided into regions for map- 
ping: 

FIG. 4A is a flow chart showing a mapping 
operation in accordance with the present invention; 

FIG. 5 Is a schematic view showing move- 
ment of the light beam across a predetermined 
track for calculating offset in a region of the optical 
disk; 

FIG. 6 is a schematic diagram showing track 
jumping for measuring offset 

RG. 7 is a schematic diagram showing the 
circumferential boundaries of regions for an optical 
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disk having sectors; 

RG. 8 is a schematic diagram showing mea- 
surement of tracking offset during a seek operation; 

FIG. 9 is a schematic block diagram of an 
5 optical disk drive which employs a status observer; 

FIG. 10 is an equivalent circuit of the speed 
controlling system utilized in the optical disk drive 
of RG. 9; 

FIG. 11 is a graph showing the relationship 
70 between a tracking signal and a track crossing 
signal as a function of radial position on the disk 
surface; 

FIG. 12 is schematic diagram showing head- 
ers on one track of an optical disk region to be 
75 mapped; 

FIG. 13 is a flow chart showing an alternate 
method of determining tracking offset; 

FIG. 14 is a graph showing data signal am- 
plitude as a function of tracking offset and illustrat- 
20 ing the method of FIG. 13; 

FIG. 15 is a graph showing the tracking 
signal as a function of actuator drive current; 

FIG. 16 is a schematic diagram showing 
changing of sensor gain; 
25 FIG. 17A-17G are graphs showing the track- 

ing signal as a function of radial position and com- 
paring a fixed threshold in accordance with the 
prior art and a variable threshold in accordance 
with the present invention; 
30 FIG. 18 is a schematic block diagram of an 

optical disk drive configuration for mapping focus 
offset; 

FIG. 19 is a flow chart showing operation of 
the configuration of FIG. 18; 
35 FIG. 20 is a graph of tracking signal am- 

plitude as a function of focus offset illustrating the 
determination of optimum offset; 

FIG. 21 is a schematic block diagram of an 
optical disk drive configuration for mapping focus 
40 offset in accordance with another embodiment of 
the invention; 

FIG. 22 is a graph of a track cross signal 
amplitude as a function of focus offset showing the 
optimum offset determined by the configuration of 
45 FIG. 21 ; 

FIG. 23 is a flow chart showing the operation 
of the configuration of FIG. 21; 

FIG. 24 is a graph of signal amplitude as a 
function of offset illustrating another technique for 
50 obtaining optimal offset; 

FIG. 25 is a flow chart showing the method 
for obtaining optimum offset as illustrated in FIG. 
24; 

FIG. 26 is a schematic block diagram of an 
55 optical disk drive configuration for obtaining track- 
ing offset in accordance with another embodiment 
of the invention; and 

FIG. 27 is a schematic block diagram of an 

5 
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optical disk drive configuration showing a tedinique 
for obtaining focus offset fronn the reproduced data 
signal. 



Ctetailed Description of the Invention 

The present invention relates to mapping of 
servo corrtrol calibration values in a plurality of 
regions on an optical disk medium and to using the 
mapped calibration values to adjust the appropriate 
parameters when the optical disk is started or 
accessed. The calibration values include tracking 
offset, focus offset, sensor gain, servo deviation 
threshold and the like. 

A block diagram of an optica! disk drive con- 
figuration for measuring tracking offset is shown in 
RG. 1. an optical disk medium 10. shown partially 
in FIG. 1. is rotated by a suitable motor drive 
system (not shown). An optical head 12, including 
a fixed optical head portion 14 and a movable 
optical head portion 16. is positioned under optical 
disk 10. A light-emitting device 20, typically a laser 
diode, mounted on fixed head portion 14 directs a 
light beam 22 through a beam splitter 24 to a 
mirror 26 mounted on the movable head portion 
16. The light beam is directed by mirror 26 through 
an objective lens 30 and is projected in a per- 
pendicular direction onto the optica! disk 10. The 
optical disk typically Includes at least one magnetic 
layer which alters the light beam reflected from the 
optical disk in accordance with the state of mag- 
netization of the magnetic layer in the area being 
Illuminated. Light reflected from the surface of the 
optical disk 10 passes through the objective lens 
30 and is reflected by mirror 26 and beam splitter 
24 to photodetectors 32 and 34. The outputs of 
photodetectors 32 and 34 are connected through 
preamplifiers 36 and 38, respectively, to the posi- 
tive and negative inputs of a differential amplifier 
40. 

The movable optica! head portion 16 is moun- 
ted on a carriage 44 and performs a seeking opera- 
tion by movement In the radial direction. R. of the 
optical disk 1 0. A linear motor 46 provides coarse 
movement in the radial direction, and an elec- 
tromagnetic actuator 48 attached to the objective 
lens 30 provides fine movement in the radial direc- 
tion. The movable head portion 16 has a low mass 
to permit high speed movement. 

The output of differential amplifier 40 is con- 
nected to an analog-to-digita! converter (ADC) 50. 
The output of ADC 50 is connected to the inputs of 
a maximum value register 52 and a minimum value 
register 54, one input of a comparator 56 and a 
servo deviation detecting circuit 58. The outputs of 
registers 52 and 54 are connected to the Inputs of 
a multiplexer 60. The output of multiplexer 60 is 
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connected to the other input of comparator 56 and 
to a microprocessor 62. The outputs of comparator 
56 control Reading of registers 52 and 54, 

The output of servo deviation detection circuit 

5 58 is connected through an offset add/gain switch 
circuit 66 to a phase compensation circuit 68 which 
provides phase compensation for the servo loop. 
The output of phase compensation circuit 68 is 
connected to one input of an adder 70 and to a 

70 linear motor drive circuit 72. The microprocessor 
62 provides a second input to adder 70 and an 
input to linear motor drive circuit 72. The output of 
adder 70 is coupled through an electromagnetic 
actuator drive circuit 74 to actuator 48. The output 

75 of linear motor drive circuit 72 is connected to 
linear motor 46. 

The details of the servo deviation detecting 
circuit 58 and the offset add/gain switch circuit 66 
are shown in FIG. 1A. The output of ADC 50 is 

20 coupled directly through the servo deviation detect- 
ing circuit 58 to the input of offset add/gain switch 
circuit 66 and is also coupled to one input of a 
digital comparator 96. The microprocessor 62 pro- 
vides a servo deviation threshold, as described 

25 hereinafter, to the other input of digital comparator 
96. When the output of ADC 50 exceeds the servo 
deviation threshold, the digital comparator 96 pro- 
vides an out-of-servo signal S, v/hich is typically 
used to interrupt recording. The offset add/gain 

30 switch circuit 66 includes an adder 98 which re- 
ceives the output of ADC 50 at one input and a 
tracking offset value from microprocessor 62 at its 
other input. The output of adder 98. which is a 
corrected tracking signal, is provided to the input of 

35 a shift register 100 and to one input of a mul- 
tiplexer 102. The gain of the tracking signal is 
adjusted by bit shifting in the shift register 100 
under control of the microprocessor 62. A sensor 
gain value is determined as described hereinafter. 

40 Under control of the microprocessor 62, the mul- 
tiplexer 102 selects either the output of the adder 
98 or the gain-controlled output of shift register 
100. The output of multiplexer 102 is provided to 
the phase compensation circuit 68. 

45 A flow diagram of a method for determining 

tracking offset is shown in FIG. 2. In order to 
measure tracking offset in a predetermined region 
of the optical disk 10, a track jump command 
signal is issued by the microprocessor 62 through 

50 adder 70 and actuator drive circuit 74 to elec- 
tromagnetic actuator 74 while the optical head is 
tracking on a predetermined track of the optical 
disk. The track jump command signal causes the 
light beam to be moved (step 80) alternately from 

55 the inner peripheral edge to the outer peripheral 
edge of the predetermined track and from the outer 
peripheral edge to the inner peripheral edge of the 
track. V/hen the light beam is moved in this man- 

6 
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ner. the output of the differential amplifier 40 is a 
sinusoidal tracking signal as indicated in FIG. 3 by 
waveform 120. The tracking signal 120 is plotted as 
a function of radial position on disk surface 122. On 
disk surface 122, data tracks 124 are centered 
between guide grcroves 126. As shown in RG. 3. 
the tracking signal 120 crosses the zero level at the 
center of the data track when the system is per- 
fectly aligned. A tracking offset causes the tracking 
signal to have a non-zero value at the center of the 
data track. 

During movement of the light beam across the 
predetermined track, the output of differential am- 
plifier 40 is digitized by ADC 50. The output of 
ADC 50 is alternately compared by comparator 56 
with the contents of maximum value register 52 
and minimum value register 54. Depending on the 
results of the comparison, the output of ADC 50 
may be loaded into one of the registers 52 and 54. 
When the multiplexer 60 provides the contents of 
maximum value register 52 to comparator 56 and 
the output of ADC 50 is larger than the contents of 
register 52. the output of ADC 50 is loaded into 
maximum value register 52 to provide a new maxi- 
mum value. When the output of ADC 50 is smaller 
than the contents of maximum value register 52, 
register 52 is not updated. Similarly, when the 
multiplexer 60 provides the contents of minimum 
value register 54 to comparator 56 and the output 
of ADC 50 is smaller than the contents of minimum 
value register 54, the output of ADC 50 Is loaded 
into minimum value register 54 to provide a new 
minimum value. When the output of ADC 50 is 
larger than the contents of minimum value register 
54, register 54 is not updated. By repeating this 
process for each output of ADC 50, the maximum 
and minimum values of the sinusoidal tracking sig- 
nal are stored In the registers 52 and 54, respec- 
tively. 

After each one-way movement across the pre- 
determined track, the maximum and minimum val- 
ues stored in registers 52 and 54 are loaded into 
microprocessor 62. and the registers 52 and 54 are 
reset. The maximum and minimum values of the 
tracking signal are preferably determined (step 82) 
for a number of one-way movements across the 
predetermined track. The measured values are 
averaged in step 84 to provide an average maxi- 
mum value 130 and an average minimum value 
132. as shown in FIG. 3. By obtaining several 
measurements and averaging the measurements, 
the accuracy of the maximum and minimum values 
is increased. The microprocessor then calculates 
the median between the average maximum and the 
average minimum values in step 86. The difference 
between the calculated median and the zero level 
is the tracking offset value (step ffl), as shown in 
FIG. 3 at 134. The tracking offset value is stored in 
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memory 64 (step 90). 

Next, mapping of calibration values is de- 
scribed, ft has been found that errors, such as 
tracking offset, associated with recording and re- 

5 production of information on the optical disk vary 
with position on the optical disk. Thus, when fixed 
calibration values are used for the entire disk, the 
errors are not fully corrected. As shown in FIG. 4, 
the optical disk medium is divided into a plurality of 

70 regions (regions 1-16 in FIG. 4), and the tracking 
offset is determined as described above for each 
region. The light beam is made to move or jump 
from the inner peripheral edge to the outer periph- 
eral edge of a selected track in region 1 by a track 

75 jump command signal issued by microprocessor 
62 to actuator 48. The maximum and minimum 
values of the tracking signal are obtained as de- 
scribed above for each one-way movement. The 
average maximum values and the average mini- 

20 mum value are determined for region 1. The 
median between the average maximum and aver- 
age minimum values is determined and the dif- 
ference between the median and the zero level 
(tracking offset value for region 1) is stored by the 

25 microprocessor 62 in the memory 64. During rota- 
tion of the optical disk, the tracking offset values for 
region 5. region 9 and region 1 3 are calculated and 
stored in the same manner. Subsequently, the light 
beam Is moved to a predetermined track in region 

30 2 and the tracking offset value for region 2 is 
calculated and stored. Then, the tracking offset 
values for region 6, region 10 and region 14 are 
calculated and stored in the same manner. The 
operation is repeated until offset values have been 

35 calculated and stored for all regions on the optical 
disk. Thus, the tracking offset values are mapped 
region-by-region for the entire optical disk. 

A flow chart of the overall mapping process is 
shown in FIG. 4A. Initially, the light beam is moved 

40 to a predetermined track in a first region to be 
mapped in step 1 40. The beam is then moved in a 
radial direction across at least one track, and the 
value of the tracking offset is determined for that 
region in step 142. In step 144. the detected value 

45 of the tracking offset is stored in memory 64 -as a 
value which represents the region. Steps 140, 142 
and 144 are repeated for each region of the optical 
disk until the final region has been completed as 
determined in step 146. The map is indicated as 

50 completed in step 148. and recording and repro- 
duction can be performed. It will be understood 
that different calibration values in addition to track- 
ing offset can be mapped in accordance with the 
disclosed technique. The measurement of other 

55 calibration values is described in detail hereinafter. 

In the above-described mapping technique, 
any track within each region can be selected as the 
predetermined track for measuring tracking offset. 

7 
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rt is considered that a relatively unbiased offset 
value is obtained by selecting the center track of 
each region. As shown in FIG. 5, track A is se- 
lected in region 1 . 

In the above-described mapping technique, 
nneasurement of the tracking offset is performed by 
movement of the light beam across a predeter- 
mined track in each region. An alternative tech- 
nique is shown in FIG. 6. The microprocessor 62 
issues to actuator 48 a track jump command signal 
which causes a continuous jump across two or 
more tracks within each region. As shown in FIG. 6, 
the light beam is caused to follow a path 160 In 
region 5 which crosses tracks 162» 164 and 166. 
The maximum and minimum values of the tracking 
signal are measured as described above for each 
track that is crossed. The average maximum and 
the average minimum values are obtained, and the 
tracking offset is calculated from these values as 
described above. 

By designating regions in the radial direction 
by track group numbers and regions in the circum- 
ferential direction by sector group numbers, the 
map of the optical disk medium can be expressed 
by the following matrix. 

Map = (number of track groups, number of sector 
groups) 

where the number of track groups ^ than the 
number of tracks or the maximum number of 
notches of external scale, and 

1^ the number of sector groups ^ the number of 
sectors in the circumferential direction or the num- 
ber of rotary pulses of the disk drive motor. 
Preferably, the number of track groups is 4, 8. 16 
or 32 and the number of sector groups is 4. 8, 16 
or the number of sectors. When the number of 
groups is even, the operating speed of the micro- 
processor is increased. When the number of 
groups is less than 4, the accurate calibration 
which is the purpose of the present invention may 
not be performed fully. When the number of 
groups is greater than 32, processor overhead time 
may be increased to an unacceptable value. 

In the case wherein the sector address is de- 
tected from the reproduced data, the boundary of 
the sector is taken as the boundary of the mapping 
region. In the case wherein rotary pulses of the 
disk drive motor are detected, these pulses are 
utilized as to define the boundaries of mapping 
regions in the circumferential direction. A conven- 
tional 130 mm optical disk includes 17 sectors (one 
sector equals . 51 2 bytes) or 31 sectors (one sector 
equals IK bytes). A 90 mm optical disk contains 13 
or 25 sectors. When the map includes 4 regions in 
the circumferential direction as shown in FIG. 7. the 
optica] disk is first divided into four equal parts. 
Thereafter the sector boundaries nearest to the 
dividing lines are allocated as the boundaries of the 
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mapping regions. Thus, with reference to RG. 7, 
the disk is initially divided Into four equal parts by 
lines 180, 182, 184 and 186. The sector boundaries 
190, 194 and 196 that are closest to lines 180. 184 

5 and 186, respectively, are selected as the circum- 
ferential boundaries for mapping regions. 

As described above, tracking signal waveforms 
generated by one line or n lines of track jump are 
used to obtain the tracking offset values in each 

10 region of the optical disk. Track jumping generates 
a stable waveform in comparison with the 
waveform that is generated during seeking as de- 
scribed hereinafter. In addition, the track address is 
detected during jumping, thereby indicating the 

15 measurement location. Thus, the track jumping 
method permits the tracking offset values to easily 
be detenmined. 

The track jumping method for measuring and 
mapping tracking offset values is typically per- 

20 formed when the optical disk is started and before 
recording and reproduction. Alternatively, the track- 
ing offset values can be obtained at the time of 
data access during a seek operation. As shown in 
FIG. 8, when the light beam is moved in a seek 

25 operation from a current track 202 to a target track 
204 by the linear motor 46 (FIG. 1). the velocity 
has a profile as a function of radial position as 
shown by curve 206. The velocity of the optical 
head ramps from zero to a constant value and then 

30 ramps from the constant value to zero as the target 
track is approached. The tracking signal varies in 
frequency during seeking in accordance with the 
optical head velocity. The tracking signal waveform 
is shown in FIG. 8 by a waveform 208. During a 

35 portion C of the tracking signal 208. the movable 
optical head portion 16 is moving at high velocity, 
and the frequency of the tracking signal is too 
great to be processed by the technique shown in 
FIG. 1 and described hereinabove. The maximum 

40 and minimum values of the tracking signal can be 
detected near the start of a seek operation during a 
portion D or near the end of a seek operation 
during a portion E. During portions D and E. the 
velocity of the light beam is relatively low. The 

45 tracking offset value is determined as described 
above during portions D and/or E of waveform 208. 

The tracking sensor signal obtained during a 
seek operation is not as stable and easily mea- 
sured as the signal that is obtained in the track 

50 jumping method. Furthermore, in the seeking 
mode, the number of tracks crossed is counted, 
but the track address is not detected. Therefore, 
the location of the measurement is not accurately 
defined in comparison v/ith the track jumping meth- 

56 od. Hov/ever, measurement of tracking offset dur- 
ing a seek operation has the advantage that map- 
ping is performed simultaneously with data access 
so that time is saved. 

8 
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In a further alternative method for measuring 
tracking offset, track jumping for measuring offset 
is performed after a seeking operation but during 
data access. Track jumping is used in connection 
with the seeking operation to access a desired 
track. The jumping seek technique extends the 
data access time somewhat but permits mapping 
to be performed concurrently with data access. 

The optical disk drive can include a status 
observer system which permits direct access to an 
arbitrary track on the optical disk by coarse move- 
ment by the linear motor 46. The use of a status 
obscr\'er is described in detail in copending ap- 
plication Serial No. 127,391, filed , which is 
hcfoby incorporated by reference. The status ob- 
scf /cr system can be utilized for mapping of track- 
wig ottsc: values. In using this system, the linear 
motor 46 is driven at a low and constant speed. 
trK*'Ct>y pefminmc mapping to be performed faster 
thai n fie jumptng method and more accurately 
thai in the- soCKing method. 

A block diagram of an optical disk drive con- 
figiiratian Much utilizes a status observer is shown 
in FIG 9 Like etements in FIGS. 1 and 9 have the 
some ic(ofc?nce numerals. A direction detection cir- 
cui! 220 receives the output of differential amplifier 
40. The Circuit 220 detects the direction in which 
the light beam is traversing the optical disk. The 
outDut oi ditterential amplifier 40 is also connected 
to the inputs ot a speed detector 222 and a counter 
224 tor detecting the number of tracks crossed. 
Based on the output of the direction detection 
circuit 220. a polarity switching circuit 226 converts 
the output of the speed detector 222 to a positive 
or negative value. A state determining circuit 230 
receives a drive current signal detected by a drive 
current detection circuit 232, which detects the 
drive current of the linear motor 48. The state 
determining circuit 230 also receives the velocity 
detection signal from the polarity switching circuit 
226. On the basis of these signals, the state deter- 
mining circuit 230 determines a velocity which is- 
closo to a required value. An output signal from the 
state determining circuit 230 is connected to the 
linear motor drive circuit 72. A control mode detec- 
tion 234 inhibits operation of the state determining 
circuit 230 when the light beam is tracking on a 
predetermining track. An equivalent circuit of FIG. 9 
is shown in FIG. 10. Reference is made to the 
aforementioned application Serial No. 127,391 for 
details of operation of the status observer system. 

To control the linear motor 46 to maintain a low 
and constant speed, a pattern of constant speed is 
selected in a target speed generating circuit 240. 
and the state determining circuit 230 detects 
whether or not the speed is controlled according to 
the desired pattern. When the speed deviates from 
the desired pattern, an error signal representing the 
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difference between the desired pattem and the 
detected value is provided to the linear motor drive 
circuit 72. By controlling the linear motor 46 in this 
manner, the tracking offset values are measured 
5 faster than in the jumping mode and more ac- 
curately than in the seeking mode. As a result, 
more accurate and faster mapping can be per- 
formed. 

The track jumping method, the seek method. 

70 the jumping seek method and the status observer 
method for tracking offset mapping have been de- 
scribed hereinabove. Mapping can also be per- 
formed by a combination of these techniques. For 
example, all regions of the disk can be mapped by 

75 the track jumping method as described above. 
Thereafter, the tracking offset value of each region 
-is updated by the seek method each time a region 
is accessed. This technique provides a learning 
function to update the tracking offset values. 

20 An expression for updating the offset value for 

a region is as follows. 

Updated offset value = ai • (offset value for a 
specified region calculated in seeking) + a2 * - 
(offset value for a specified region calculated upon 

25 inserting the disk). 
Where ai + a2 = 1 
For example, ai = 32 = 1/2; 
ai = 1/10. 32 = 9/10; or 
ai = 1/e, 32 = (e-1)/e can be utilized. 

30 This technique provides a predetermined weighting 
to the different measured values. 

As described above, mapping can be per- 
formed when the disk is inserted and when an 
access operation is performed- In addition, an envi- 

35 ronmental sensor such as a temperature sensor or 
a humidity sensor can be mounted in the disk 
drive. Mapping can be performed when one of the 
sensors exceeds a predetermined value. Alter- 
natively, mapping can be performed after a pre- 

40 determined time interval. 

An alternative technique for measuring tracking 
offset is shown in FIGS. 1 1 and 26. Like elements 
in FIGS. 1 and 26 have the same reference nu- 
merals. The outputs of tracking sensor photodetec- 

45 tors 34 and 36 are coupled through preamplifiers 
36 and 38 to the inputs of a summing amplifier 
250. The output of summing amplifier 250 is a 
track cross signal as shown in FIG. 11 by 
waveform 252. The track cross signal 252 reaches 

50 a maximum value when the light beam from the 
optical head is on the center of a data track. The 
tracking signal 120 crosses the zero level at the 
track center if the system is perfectly aligned. 
However, the difference between the actual value 

55 of the tracking signal and the zero level at the time 
when the track cross signal 252 is maximum repre- 
sents a tracking offset 254. Referring again to FIG, 
26. the output of summing amplifier 250 is digitized 
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by an ADC 254. The digitized track cross signal is 
connected from ADC 254 to microprocessor 62. 
The output of ADC 50 is also connected to micro- 
processor 62. The value of the tracking signal 120 
is determined by microprocessor 62 when track 
cross signal 252 has a maximum value as indicated 
in FIG. 11 by lines 256. The difference between the 
measured value of the tracking signal at these 
points and the zero level represents the tracking 
offset. Several measurements can be averaged to 
increase accuracy if desired. 

According to another technique for determining 
tracking offset, the tracking offset which maximizes 
the amplitude of the reproduced signal of the 
Preformatted part of the header on the optical disk 
is determined. As shown in FIG. 12. an arbitrary 
track 260 in a selected region of optical disk 10 
includes headers 262, 264 and 266. The headers 
262, 264 and 266 can be detected in the repro- 
duced data signal by conventional means (not 
shown). A flow chart of the offset measurement 
process is shown in FIG. 13. When the headers 
262, 264 and 266 are detected, the microprocessor 
62 supplies a predetermined offset to the offset 
add/gain switch circuit 66. The amplitude of the 
data signal is measured for each different offset 
value as shown in FIG. 14. 

Initially, when header 252 is detected, the off- 
set is set at zero, as shown in step 270 of FIG. 13, 
and the amplitude of the data signal is measured, 
as shown in step 272. The measured value cor- 
responds to point 274 in FIG. 14. Next, when the 
header 264 is detected, the microprocessor 62 
provides an offset of 0 + 20H to offset add/gain 
switch circuit 66, as shown in step 278. The light 
beam is moved by the actuator 48 by an offset of 
0 + 20H, and the amplitude of the data signal is 
measured in step 278. The measured data signal is 
shown in FIG. 14 as point 280. Next, when the 
header 266 is detected, the microprocessor 62 
provides an offset of 0-20H to offset add/gain 
switch circuit 66, causing the light beam to be 
shifted in the opposite direction, as shown in step 
282. The amplitude of the data signal is measured 
in step 284. The data signal con-esponding to an 
offset of 0-20H is shown as point 286 in FIG. 14. 

Using the coordinates of the points 274, 280 
and 284, a function 292 expressing a relation be- 
tween the amount of offset and the amplitude of 
the data signal is calculated. The function 292 is 
approximated as an upwardly-convex quadratic 
function and is determined from the coordinates of 
the points 274, 280 and 284 using conventional 
curve-fitting techniques, as shown in step 288. The 
optimal value of the tracking offset is the offset 
corresponding to a point 290 on function 292 v/ith 
the maximum data signal amplitude. The micropro- 
cessor 62 calculates the point on function 292 at 



which the slope is zero. The offset at point 290 is 
the optimal tracking offset and is stored by the 
mjcroprocessor 62 in memory 64, as shown in step 
294. This procedure is repeated for each region of 

5 optical disk 10 to thereby complete mapping of 
tracking offset values for each region. 

As described above, this embodiment utilizes 
measurement of header signal amplitude. This 
technique can also be implemented by measure- 

70 ment of preformatted data or recorded data. How- 
ever, in this mode, the accuracy is somewhat re- 
duced. 

Another technique for measuring the tracking 
offset value can be utilized in the case where the 

75 driving current for the actuator 48 is controlled by a 
push/pull circuit. Referring again to FIG. 1. the 
microprocessor 62 provides track jump command 
signal to the adder 70, and the maximum value and 
the minimum value of the tracking signal at the 

20 output of differential amplifier 40 are measured as 
described hereinabove. Next, the driving current tor 
actuator 48 is changed by adding a different DC 
component to the voltage supplied to drive circuit 
74, and the maximum and minimum values of the 

25 tracking signal are again measured. 

In FIG. 15. the maximum values and the mini- 
mum values of the tracking signal are plotted as a 
function of actuator drive current. The maximum 
and minimum values of the tracking signal for an 

30 actuator drive current of zero are indicated at 
points 302 and 304. respectively. The maximum 
and minimum values of the tracking signal for an 
actuator drive current of 20 H are shown by points 
306 and 308. respectively. A straight line 310 is 

35 drawn through points 302 and 306. and a straight 
line 312 is drawn through points 304 and 308. A 
straight line 314 is also is drawn midway between 
lines 310 and 312. The point of Intersection 316 
between line 314 and the horizontal axis (tracking 

40 signal = 0) is determined as the optimum value of 
the drive current When a DC current equivalent to 
point 316 is supplied to the drive circuit 74. the 
positive and negative amplitudes of the tracking 
signal become equal, and the tracking offset is 

45 zero. Thus, the light beam accurately traces the 
center of the track. In this case, the required ac- 
tuator drive current is mapped in place of the offset 
value. 

The offset values for performing tracking for 
50 each region of the optical disk are mapped accord- 
ing to one of the above techniques and are stored 
in memory 64. When the disk drive is tracking on 
the optical disk for recording or reproduction, the 
mapped offset value for the region being tracked is 
55 provided by microprocessor 62 to offset add/gain 
sv/itch circuit 66. The circuit 66 adjusts the digitiz- 
ed tracking signal to have zero offset. The adjusted 
tracking signal is inputted to the phase compensa- 
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t tion circuit 68, and phase compensation and cou- 

pling compensation are performed. Then, data for 
driving the actuator 48 is provided to the adder 70. 
and data for driving the linear motor 46 is provided 
to the linear motor drive circuit 72. As the optical 
head moves to different regions of the optical disk, 
the mapped offset values are changed in accor- 
dance with the values stored in memory 64, and 
the tracking signals are adjusted accordingly. As a 
result, tracking servo control is performed with an 
accurate and calibrated tracking signal, and the 
light beam tracks on the center of the desired 
track. 

In FIG. 1. the ADC 50 is connected to the 
output of differential amplifier 40, and the registers 
52 and 54 are connected to the output of ADC 50. 
In an altemate embodiment shown in FIG. IB, the 
output of differential amplifier 40 is connected to 
the inputs of analog peak detecting circuits 106 
and 108. The outputs of peak detecting circuits 106 
and 108 are coupled to two inputs of an analog 
switching circuit 110, respectively. The output of 
differential amplifier 40 is connected to a third input 
of analog switching circuit 110. The output of ana- 
log switching circuit 110 is connected to the input 
of ADC 50. The output of ADC 50 is connected to 
microprocessor 62 and to servo deviation detecting 
circuit 58. The state of switching circuit 110 is 
controlled by microprocessor 62. The peak detect- 
ing circuits 106 and 108 detect the maximum and 
minimum values, respectively, of the tracking sig- 
nal. The maximum and minimum values are con- 
verted to digital form by ADC 50 and are supplied 
to microprocessor 62 for determination of the track- 
ing offset value as described hereinafter. 

Thus far, various techniques for mapping the 
tracking offset value in different regions of the 
optical disk have been described. In accordance 
with the present invention, other calibration values 
such as sensor gain, threshold value, focus offset 
and the like can be mapped as described 
hereinafter. 

The sensor gain of the tracking servo system 
can be mapped for each region of the optical disk, 
such as regions 1-16 shown in FIG. 4. The maxi- 
mum value and the minimum value of the tracking 
signal at the output of differential amplifier 40 are 
determined as described above. Then the micro- 
processor 62 calculates the amplitude of the track- 
ing signal from the maximum and minimum values. 
The sensor gain which maintains the tracking sig- 
nal amplitude constant at a predetermined value is 
stored in memory 64 for each region of the optical 
disk. In subsequent tracking, the sensor gain is 
adjusted according to the values stored in memory 
64 by to the values stored in memory 64 by 
providing a sensor gain control signal to offset 
add/gain switch circuit 66. 
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By way of example. FIG. 16 shows the am- 
plitude of the tracking signal having a large dy- 
namic range on the left and shows the amplitude 
having a small dynamic range after adjusting the 

5 sensor gain on the right side. For an input am- 
plitude of -6dB to +6dB with respect to a standard 
amplitude, the gain is set to +3dB for the input of 
-6dB to OdB. and the gain is set to -3dB for the 
input of OdB to +6dB. Thus, after changing the 

70 sensor gain, the amplitude of the tracking signal 
falls within the range of -3dB to +3dB with respect 
to the standard amplitude. Information that the 
sensing gain is set to +3dB for the input of -6dB 
to OdB and is set to -3dB for the input of OdB to 

15 +6dB is mapped in each region of the optical disk. 
The control of gain can be performed by a plurality 
of selectable attenuators. Where a more precise 
gain adjustment is required, an 8 bit multiplying 
D/A converter can be utilized to provide 2^ steps. 

20 A servo deviation threshold value is used to 

determine when the light beam has deviated by 
more than a predetermined distance from the cen- 
ter of the desired track during tracking. Since de- 
viation from the desired track may destroy data on 

25 adjacent tracks or cause reproduction of incorrect 
data, recording or reproduction are typically inter- 
njpted when the servo deviation threshold is ex- 
ceeded. 

In determining the threshold value, the maxi- 
30 mum value and the minimum value of the tracking 
signal at the output of differential amplifier 40 are 
determined as described hereinabove. The micro- 
processor 62 calculates the amplitude of the track- 
ing signal from the maximum and minimum values. 
35 Then positive and negative threshold values are 
determined as a predetermined fraction of the 
peak-to-peak amplitude of the tracking signal. The 
threshold values for each region are stored in the 
memory 64. Typically, the threshold levels are de- 
40 termined in accordance with the following equation. 

+ /-Th = +/- 1/4(V^ax-V„,in) + V2(Vn^ + V^nin) 

where Vmax represents the average maximum value 
of the tracking signal and V^in represents the aver- 
age minimum value of the tracking signal. 

45 The threshold values calculated in this manner 

correspond to a deviation from the track center of 
+ /- 0.15 micrometer for tracks having a width of 
1.6 micrometers. It will be understood that different 
threshold values can be selected depending on the 

50 allowable deviation. 

In tracking, the threshold values are supplied to 
the servo deviation detection circuit 58. The servo 
deviation detection circuit 58 compares the output 
of ADC 50 with the threshold values Th. \A^en the 

55 output of the ADC 50 exceeds either the pxDsitive or 
negative threshold value Th, an error processing 
command signal S is generated. The signal S 
indicates that an out-of-servo condition has occured 
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and can be used, for example, to interrupt the 
recording operation. When the output of ADC 50 
does not exceed the threshold value Th, the output 
of ADC 50 is supplied directly to the offset 
add/gam switch circuit 66. 

Since the threshold value Th for each region of 
the optical disk is calculated from the maximum 
and minimum values of the tracking signal, the 
threshold value varies in accordance with tfie am- 
plitude of the tracking signal. The improved opera- 
tion obtained thereby is illustrated in FIGS. 17A- 
17C. Fixed threshold values Th' in accordance with 
the prior art are compared with variable threshold 
values Th in accordance with the present invention. 
In FIG. 17B. the tracking signal 340 has a normal 
amplitude and the fixed threshold value Th' and 
ihe variable threshold value Th are the same. An 
oot-o'-sofvo condition is indicated when the track- 
ir»y ^it^ia! 340 exceeds the threshold value Th or 
Uwj UiiL-^olJ value Th . 

In riG. 17A the amplitude of the tracking sig- 
nal 34D IS reduced in amplitude. The variable 
trweshclJ vakic Th is reduced by an amount cor- 
responding tD the reduced amplitude tracking sig- 
nal. Thus, fin out-of-servo condition is indicated 
when the light beam deviates from the center of 
the prodclomiincd track by the same predeter- 
mined distance as in FIG. 17B. However, in the 
case of the fixed threshold value Th , an out-of- 
servo condition is detected only after the light 
b>eam has deviated from the track center by a 
distance larger than the predetermined distance. If 
the amplitude of the tracking signal 340 decreases 
sufficiently, an out-of-servo condition cannot be de- 
tected. 

In FIG, 17C, the amplitude of the tracking sig- 
nal 340 has increased, and the variable threshold 
value Th has increased by a corresponding 
amount. Thus, an out-of-servo condition is indi- 
cated when the light beam deviates from the track 
center by the same predetermined distance. In the 
case of the fixed threshold value Th'. an out-of- 
servo condition is detected even when the light 
beam remains within the normal range of tracking. 
Thus, the variable threshold value Th in accor- 
dance with the present invention provides more 
stable operation than the prior art fixed threshold 
value Th'. 

Focus offset is a focus error which occurs even 
though a focus servo-circuit detects an in-focus 
condition. A block diagram of an optical disk drive 
configuration for mapping and correcting focus off- 
set for each region of an optical disk is shown in 
FIG. 18. Like elements in FIGS. 1 and 18 have the 
^me reference numerals. A focus control elec- 
tromagnetic actuator 350 is mounted on movable 
optical head portion 16 so as to move objective 
lens 30 along the optical axis and thereby vary 



focus. A focus sensor can, for example, be a knife- 
edge type focus sensor as known in the art The 
focus sensor includes focus sensor photodetectors 
352 and 354. The outputs of photodetectors 352 

5 and 354 are coupled through preamplifiers 356 and 
358. respectively, to the inputs of a differential 
amplifier 360. The output of differential amplifier 
360 is digitized by an ADC 362. The digitized 
output of ADC 362 is connected to an offset 

10 add/gain switch circuit 364 and to the microproces- 
sor 62. The output of offset add/gain switch circuit 
346 is coupled through a phase compensation cir- 
cuit 366 and an electromagnetic actuator drive cir- 
cuit 368 to the actuator 350. The offset add/gain 

75 switch circuit 364 is controlled by an output of the 
microprocessor 62. 

The determination of focus offset in this em- 
bodiment is based on the fact that the tracking 
signal at the output of differential amplifier 40 has a 

20 maximum amplitude when the optical system is 
exactly focused and has a smaller amplitude when 
the optical system is out of focus. A curve 380 in 
FIG. 20 indicates the tracking signal amplitude as a 
function of focus offset. A flow chart of the proce- 

25 dure followed by the system of FIG. 18 for deter- 
mining focus offset is shown in FIG. 19. 

Initially, the microprocessor 62 provides a fo- 
cus offset of 0 to the offset add/gain switch circuit 
364 and provides a track jump command signal to 

30 adder 70 in step 382 such that the light beam 
moves to jumps across one or more tracks of the 
optical disk. As the light beam moves across the 
track, the maximum value and the minimum value 
of the tracking signal at the output of differential 

35 amplifier 40 are measured as described 
hereinabove, in step 384. The measured value cor- 
responds to point 386 in FIG. 20. Next, the micro- 
processor 62 provides an offset of 0 + 20H to offset 
add/gain switch circuit 364 and issues another 

40 track jump command signal to adder 70 in step 
388. The amplitude of the tracking signal at the 
output of differential amplifier 40 is again measured 
in step 390. The measured value corresponds to 
point 392 in FIG. 20. Next, the microprocessor 62 

45 provides an offset of 0-20H to offset add/gain 
switch circuit 364 and prctvides a track jump com- 
mand signal to adder 70 in step 394. The am- 
plitudes of the tracking signal at the output of 
differential amplifier 40 is measured in step 396. 

50 The measured value corresponds to point 398 in 
FIG. 20. 

A curve 380 which passes through points 386, 
392 and 398 is approximated by an upwardly- 
convex quadratic function. The microprocessor 62 
55 determines the quadratic function in step 402 from 
the coordinates of points 386, 392 and 398 in 
accordance with well-known curve-fitting proce- 
dures. The microprocessor 62 then determines a 
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point 404 on curve 380 where the tracking signal 
amplitude is maximum. The maximum is deter- 
mined as the point where the slope of curve 380 is 
0. The focus offset at point 404 is the optimal focus 
offset value. This value is stored by the micropro- 
cessor 62 in memory 64 in step 406. The above 
procedure for determining focus offset is repeated 
for each region of the optical disk to provide a map 
of focus offset for the optical disk. 

Subsequently, the focus offset values are used 
for focus control during operation of the optical 
disk. As the optica! head is tracking on the optical 
disk, the stored focus offset value in the memory 
64 is provided by the microprocessor 62 to the 
offset add/gain switch circuit 364. The focus offset 
value is added to the output of ADC 362 so as to 
provide a corrected focus control signal through 
phase compensation circuit 366 to actuator drive 
circuit 368. The actuator 350 performs focus con- 
trol of objective lens 30. 

The tracking control signal used for detection 
of focus offset as described above is the difference 
between the signals detected by photodetectors 32 
and 34. When the objective lens 30 moves in the 
direction of tracking, the light incident on the 
photodetector also moves, and an error is thereby 
superposed on the tracking signal. The amplitude 
of the tracking signal is changed by a focus de- 
viation due to an astigmatic difference, and an error 
is generated in the measured values. Thus, there is 
a possibility of error in the measured focus offset. 

A block diagram of an optical disk drive con- 
figuration for detecting the focus offset value from 
the track cross signal is shown in FIG. 21. Like 
elements in FIGS. 18 and 21 have the same refer- 
ence numerals. A flow chart of the process per- 
formed by the circuit of FIG. 21 is shown in FIG. 
23. The amplitude of the track cross signal as a 
function of focus offset is shown in FIG. 22. As 
indicated in FIG. 11, the track cross signal 252 has 
a maximum amplitude at the center of a data track. 
The outputs of photodetectors 32 and 34 are con- 
nected through preamplifiers 36 and 38. respec- 
tively, to the inputs of a summing amplifier 420. 
The output of summing amplifier 420 Is the track 
cross signal as shown in FIG. 1 1 . The track cross 
signal is digitized by an ADC 422. The output of 
ADC 422 is connected to a maximum value register 
424, a minimum value register 426 and one input 
of a comparator 428. The outputs of registers 424 
and 426 are connected to the inputs of a mul- 
tiplexer 430. The output of multiplexer 430 is con- 
nected to the other input of comparator 428 and to 
the microprocessor 62. 

In order to determine the focus offset, the 
microprocessor 62 supplies a focus offset of 0 to 
offset add/gain sv/itch circuit 364 and issues a track 
jump command signal to adder 70. as shown in 



step 440 of RG. 23. During the track jump, the 
circuitry comprising maximum value register 424, 
minimum value register 426. comparator 428 and 
multiplexer 430 receive the track cross signal from 

5 ADC 422 and determine its maximum and mini- 
mum values. Microprocessor 62 then determines 
the amplitude of the track cross signal in step 442 
from the maximum and minimum values. In a simi- 
lar manner, the microprocessor 62 successively 

70 provides offsets of 0 + 20H and 0-20H to offset 
add/gain switch circuit 364 and determines the 
amplitude of the track cross signal for each offset 
as shown in steps 444. 446. 448 and 450. The 
track cross signal amplitudes are shown in FIG. 22 

75 as points 454, 456 and 458 for offsets of 0, + 20H 
and -20H. respectively. As described above, a 
curve 460 through points 454. 456 and 458 is 
approximated by an upwardly-convex quadratic 
function in step 462. The focus offset is determined 

20 in step 464 as the offset value at a point 466 where 
the curve 460 is maximum. The focus offset value 
is stored in memory 64. As described above, the 
stored offset values are used to adjust the focus 
servo-circuit by providing the corresponding stored 

25 focus offset value to the offset add/gain switch 
circuit 364 as the optical head is tracking in each 
region of the optical disk. 

A block diagram of another optical disk drive 
configuration for measuring focus offset in each 

30 region of the optical disk is shown in FIG. 27. Like 
elements in FIG. 1 and FIG. 27 have the same 
reference numerals. The outputs of photodetectors 
32 and 34 are coupled through preamplifiers 36 
and 38, respectively, to the inputs of a summing 

35 amplifier 480. The output of summing amplifier 480 
is coupled through an envelope detector 482 and a 
lowpass filter 484 to an ADC 486. The envelope 
detector 482 detects the envelope amplitude of the 
reproduced signal. The ADC 486 provides a digltiz- 

40 ed form of the envelope of the reproduced signal to 
microprocessor 62. The microprocessor 62. as de- 
scribed above in connection with FIGS. 1 8 and 21 , 
provides focus offsets of 0. + 20H and -20H to the 
focus servo-circuit. The amplitude of the repre- 
ss duced signal in the header is measured for each of 
the three offset values. The three measured am- 
plitudes are used to determine an upwardly-convex 
quadratic function as described above. The focus 
offset value at the maximum of the quadratic func- 

50 tion is the optimum focus offset value. The opti- 
mum focus offset value is determined and stored in 
the same manner for each region of the optical 
disk. This technique can also be used to measure 
Preformatted data signals or recorded data signals. 

55 but the measured offset value is less accurate than 
for the header. 

As described above, tracking offset and focus 
offset can be obtained by a three point method 
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wherein offset values of 0. +20H and -20H are 
used and the corresponding signal amplitudes are 
measured. A variation of this technique is shown in 
FIGS. 24 and 25. Offset values of + aH and -bH are 
utilized. In this case, the positive and negative 
offset values are not equal. The signal amplitudes 
are measured at point 502 corresponding to 0 
offset, point 504 corresponding to an offset of + aH 
and point 506 corresponding to an offset of -bH. 
The points 502. 504 and 506 define a curve 508 
which can be approximated by an upwardly-convex 
quadratic function. The quadratic function can be 
determined by microprocessor 62 using well-known 
curve-fitting techniques. The optimum value of off- 
set at point 510 is the offset corresponding to the 
maximum of curve 508. A flow chart for determin- 
ing the optimum offset in accordance with FIG. 24 
is shown in FIG. 25. 

While there have been shown and described 
what are at present considered the prefen-ed em- 
bodiments of the present invention, It will be ob- 
vious to those skilled in the art that various 
changes and modifications may be made therein 
without departing from the scope of the invention 
as defined by the appended claims. 

Claims 

1 . An optical disk drive which irradiates a beam 
onto an optical disk, and controls the state of 
irradiation of said beam using a servo*circutt based 
on the reflected light of the irradiated beam, com- 
prising; 

means for dividing said optical disk into one or a 
plurality of regions, means for detecting a calibrat- 
ing value for said servo-circuit on a divided region 
basis, and means for calibrating the servo-circuit 
on said region basis using the calibrating value 
detected by said detecting means, the calibrated 
servo-circuit controlling the state of irradiation of 
the beam. 

2. An optical disk drive which irradiates a beam 
onto an optical disk, comprising; 

a servo-circuit controliing the state of irradiation of 
said beam based on the reflected light of the 
irradiated beam; 

means for dividing said optical disk into one or a 
plurality of regions, means for detecting the maxi- 
mum value and the minimum value of a signal 
obtained by crossing an arbitrary track of each 
divided regions, and means for determining an 
offset value for setting the median betv/een the 
detected maximum value and minimum value as a 
standard level, said servo-circuit being controlled 
based on the determined offset value of each re- 
gion. 

3. An optical disk drive which irradiates a beam 



onto an optical disk, comprising; 
a servo-circuit controlling the position of irradiation 
of said beam based on the reflected beam of the 
irradiated beam, 

5 means for dividing said optical disk into one or a 
plurality of regions, means for detecting the maxi- 
mum value and the minimum value of a signal 
obtained by crossing an arbitrary track of each 
divided region, and means for determining a 

70 threshold value for detecting servo deviation based 
on the detected maximum value and minimum 
value. 

4. An optical disk drive which irradiates a beam 
onto an optical disk, comprising; 

75 a servo-circuit controlling the position of irradiation 
of said beam based on the reflected light of the 
irradiated beam, 

means for dividing said optical disk into one or a 
plurality of regions, means for detecting the maxi- 

20 mum value and the minimum value of a signal 
obtained by crossing an arbitrary track of each 
divided region, means for detecting the amplitude 
of said signal from the detected maximum value 
and minimum value, and means for changing the 

25 sensor gain so as to keep the detected amplitude 
constant, the servo-circuit being controlled in each 
region by the changed sensor gain. 

5. An optical disk drive performing tracking 
control for making a projected light beam follow a 

30 recording track on an optical disk, comprising; 

means for dividing said optical disk into one or a 
plurality of regions, means for detecting the am- 
plitude of a signal obtained from the reflected light 
of the beam irradiated onto each divided region. 

35 means for giving offset of said tracking control, 
means for calculating a function showing a relation 
between tracking control and amplitude from the 
amplitudes of said signal obtained at least at three 
different positions of tracking control, and means 

40 for calculating the offset value of tracking control of 
each region to obtain the position of tracking con- 
trol related to the maximum value of said function, 
tracking control of each region being calibrated by 
the calculated offset value. 

45 6. An optical disk drive performing focus con- 

trol for making a projected light beam follow a 
recording track on an optical disk, comprising; 
means for dividing said optical disk into one or a 
plurality of regions, means for detecting the am- 

50 plitude of a signal obtained from the reflected light 
of the beam irradiated onto each divided region, 
means for giving offset of said focus control, 
means for calculating a function showing a relation 
between focus control and amplitude from the am- 

55 plitudes of said signal obtained at least at three 
different positions of focus control of each region 
so as to obtain the position of focus control related 
to the maximal value of said function, focus control 
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of each region being calibrated by the calculated 
offset value. 

7. An optical disk drive comprising; 

means for rotating an optical disk having a plurality 
of recording tracks; 

means for directing a beam onto a predetermined 
track selected from said plurality of recording 
tracks; 

a servo-circuit for controlling the position of said 
beam on said predetermined track based on a 
tracking signal representative of the radial position 
of said beam on said predetermined track; 
means for moving said beam across at least one of 
said plurality of tracks; 

means for measuring a maximum value and a 
minimum value of said tracking signal as said 
beam moves across said at least one of said tracks 
and determining a median of said maximum and 
minimum values, said median constituting a track- 
ing offset value; and 

means for adjusting said servo-circuit by said 
tracking offset value when said beam is tracking on 
said predetermined track. 

8. An optical disk drive as defined in claim 7 
wherein said means for moving said beam includes 
means for alternately moving said beam from an 
inner peripheral edge to an outer peripheral edge 
of a selected track and moving said beam from the 
outer peripheral edge to the inner peripheral edge 
of the selected track. 

9. An optical disk drive as defined in claim 7 
wherein said means for moving said beam includes 
means for moving said beam across a predeter- 
mined number of said recording tracks. 

10. An optical disk drive as defined in claim 7 
wherein said means for moving said beam includes 
means for moving said beam at a constant low 
velocity. 

11 . An optical disk drive comprising; 

means for rotating an optical disk having a plurality 
of recording tracks; 

means for directing a beam onto an arbitrary track 
selected from said plurality of tracks; 
a servo-circuit for controlling position of said beam 
on said arbitrary track based on a tracking signal 
representative of the radial position of said beam 
on said arbitreiry track; 

means for moving said beam across at least one of 
said plurality of tracks; 

means for measuring a track cross signal which 
reaches a maximum amplitude at the center of 
each of said recording tracks and for measuring 
the amplitude of said tracking signal when said 
track cross signal has maximum amplitude, the 
measured value of said tracking signal when said 
track cross signal has maximum amplitude con- 
stituting a tracking offset value; and 
means for adjusting said servo-circuit by said 
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tracking offset value when said beam is tracking on 
said arbitrary track. 

12. An optical disk drive comprising: 

means for rotating an optical disk having a plurality 

5 of recording tracks; 

means for directing a beam onto an arbitrary track 
selected from said plurality of tracks; 
a servo-circuit for controlling the position of said 
beam on said arbitrary track; 

70 means for moving said beam to at least three radial 
positions on a selected track, said radial positions 
corresponding to different tracking offset values; 
means for determining a reproduced signal am- 
plitude for each of said different tracking offset 

75 values: 

means for determining an upwardly-convex qua- 
dratic function defined by the reproduced signal 
amplitudes and the corresponding tracking offset 
values; 

20 means for determining an optimal tracking offset 
value corresponding to the maximum of said qua- 
dratic function; and 

means for adjusting said servo-circuit by said 0|> 
timal tracking offset value when said beam is track- 
25 ing on said predetermined track. 

13. An optical disk drive comprising; 

means for rotating an optical disk having a plurality 
of recording tracks; 

means for directing a beam onto an arbitrary track 

30 selected from said plurality of tracks; 
a servo-circuit for controlling said beam; 
means for determining a calibration value for each 
of a plurality of regions on said optical disk; and 
means for adjusting said servo-circuit in accor- 

35 dance with the calibration value for the region of 
said optical disk in which said beam is located. 

14. An optical disk drive comprising; 

means for rotating an optical disk having a plurality 
of recording tracks; 
40 means for directing a beam onto an arbitrary track 
selected from said plurality of tracks; 
a servo-circuit for controlling the focus of said 
beam on said optical disk; 

means for said beam to at least three different 
45 focus offset values and for moving said beam 
across at least one of said plurality of tracks at 
each of said different focus offset values; 
means for determining a track sensing signal am- 
plitude for each of said different focus offset val- 
50 ues; 

means for determining an upwardly convex qua- 
dratic function defined by the track sensing signal 
amplitudes in the corresponding focus offset val- 
ues; 

55 means for determining an optimal focus offset val- 
ue corresponding to a maximum of said quadratic 
functions; and 

means for adjusting said servo-circuit by said op- 
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timal focus offset value. 

15. An optical disk drive comprising: 

means for rotating an optical disk having a plurality 
of recording tracks; 

means for directing a beam onto an arbitrary track 
selected from said plurality of tracks; 
a servo-circuit for controlling the focus of said 
beam on said optical disk; 

means for setting the focus of said beam to at least 
three different focus offset values; 
means for determining a reproduced signal am- 
plitude for each of said different focus offset val- 
ues; 

means for determining an upwardly-convex qua- 
dratic function defined by the reproduced signal 
amplitudes and the corresponding offset values; 
means for determining an optimal focus offset val- 
ue corresponding to the maximum of said quadratic 
function; and 

means for adjusting said servo-circuit by said op- 
limal focus offset value when said beam is tracking 
on said predetermined track. 

1 6. An optical disk drive comprising: 

means for rotating an optical disk having a plurality 
of recording tracks; 

means for directing a beam onto an arbitrary track 
selected from said plurality of recording tracks; 
a servo-circuit for controlling the position of said 
beam on said predetermined track based on a 
tracking signal representative of the radial position 
of said beam on said arbitrary track; 
means for moving said beam across at least one of 
said plurality of tracks; 

means for measuring a maximum value and a 
minimum value of said tracking signal as said 
beam moves across said at least one of said tracks 
and for determining positive and negative servo 
deviation thresholds as predetermined fractions of 
said maximum and minimum values; and 
means for detecting an out-of-servo condition when 
said beam is tracking on said predetermined track 
and said tracking signal exceeds one of said servo 
deviation thresholds. 

17. An optical disk drive comprising: 

means for rotating an optical disk having a plurality 
of recording tracks; 

means for directing a beam onto an arbitrary track 

selected from said plurality of tracks; 

a servo-circuit for controlling the pxDsition of said 

beam on said predetermined track based on a 

tracking signal representative of the radial position 

of said beam on said arWtrary track; 

means for moving said t:>eam across at least one of 

said plurality of tracks; 

means for measuring an amplitude of said tracking 
signal as said beam moves across said at least one 
of said tracks and determining a gain value re- 
quired to adjust the amplitude of said tracking 



signal to a desired value; and 
means for adjusting said servo-circuit by said gain 
value when said beam is tracking on said predeter- 
mined track. 
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@ Optical disk drive. 

@ An optical disk drive for recording and reproduc- 
ing information on an optical disk medium includes a 
servo circuit for controlling tracking of a light beam 
on an arbitrary track and a servo circuit for control- 
ling focus of the light beam on the disk surface. The 
disk surface is divided into a plurality of regions, and 
calibration values for adjusting the servo circuits are 
determined in each region. The calibration values 



are stored in a memory and are used to adjust the 
servo circuits during tracking on an arbitreiry track. 
The calibration values include tracking offset values, 
focus offset values, servo deviation threshold values 
and sensor gain values. A number of techniques are 
disclosed for automatically determining the calibra- 
tion values. 
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